A growing number of ecological studies suggest that animal distributions are not only influenced by classical ecological features such as habitat availability, but also by the motion capacity of the studied animal. Here we analyse the diversity and density of two wintering raptor communities from Crete and Sicily, two large Mediterranean islands located along migratory flyways. We performed 611 and 1030 km of transects in Crete and Sicily respectively, examining the spatial distribution of raptors in relation to land use, topography, raptor species diversity and abundance. Our results show that community diversity and specific abundance are strictly related in accordance with the 'More Individuals Hypothesis'. Comparing the two most common raptors, the density of the Eurasian kestrel was the highest in Sicily and that of the common buzzard in Crete. An overall positive effect of Eurasian kestrel density on that of the common buzzard was found in both islands, but higher in Crete. Our findings suggest that the distribution and density of the Eurasian kestrel, because of its higher movement ability, are less influenced by the presence of ecological barriers along potentially migratory flyways. We cannot exclude that higher inter specific competition with common buzzards in Crete might have pushed the smaller species to cross the Mediterranean Sea in order to overwinter in Africa. Nomenclature: BirdLife International (2004) Abbreviations: KIA-Kilometric Index of Abundance, KmH-Kilometric raptor diversity index, VIF-Variance Inflation Factor. Open Access statement. This is an open-access article distributed under the terms of the Creative Commons Attribution-NonCommercial 4.0 International License (https://creativecommons.org/licenses/by-nc/4.0/), which permits unrestricted use, distribution, and reproduction in any medium for non-commercial purposes, provided the original author and source are credited, a link to the CC License is provided, and changes -if any -are indicated.
Introduction
Species distribution ranges over the Earth's surface are linked to variables such as inter and intra-specific interactions and habitat availability and heterogeneity (Elith and Leathwick 2009) . Coexistence requires species to be different in the way they affect, and are affected by, resources. In other words, coexistence requires some form of niche difference or partitioning where species' niche consists of four major axes: resources, natural enemies, space and time (Chesson 2000) . It has been recently pointed out that, in order to understand mechanisms of species distribution patterns, it is essential to account not only for classical ecological features but also for the movement and dispersal ability of an organism, defined as a change in spatial location in time (Nathan et al. 2008 , Cumming et al. 2012 , Panuccio et al. 2015 . All of these processes interact in shaping the structure and dynamics of populations, communities and ecosystems. The extent an animal moves during its life cycle is a balanced compromise between successful reproduction, foraging, predation avoidance and movement energy expenditure. Any variables adding additional costs should be weighted to explain the species' distribution, i.e. density of conspecifics or of other species with overlapping ecological niche, as well as any environmental feature that increases the cost of movement, such as ecologi-cal barriers (Beyer et al. 2016 ). Animals can cross or circumnavigate barriers, but this can be risky or time consuming. At the end of the breeding season, a huge number of Palearctic birds move into wintering areas. During such migratory movements they face barriers such as the Mediterranean Sea and the Sahara Desert. Some species spend the winter along the northern coast of the Mediterranean basin, while others reach Africa by making non-stop flights over sea or performing long detours in order to reach the Strait of Gibraltar (Spain) and the Bosporus (Turkey; Mellone et al. 2011 , Panuccio et al. 2012 ). Among birds, raptors show a high level of mobility outside of the breeding period, and are expected to be distributed along similar latitudinal gradients, at varying densities depending on habitat availability (Newton 1979) . However, it is now assumed that environmental, movement-related and historical factors should be tested in order to investigate the current biogeographical pattern of a given species (Guisan 2006 , Cumming et al. 2012 .
In this study, we analyze two raptor communities wintering in two large Mediterranean islands, facing substantial water bodies and located along different migratory flyways. We compare habitat structure, community diversities and relative species abundance in relation to ecological features (land use, topography), focusing in particular on the two most common species, the Eurasian kestrel (Falco tinnunculus, hereafter kestrel) and the common buzzard (Buteo buteo, hereafter buzzard). These species show a marked difference in their mobility. In particular, the buzzard is reluctant to cross large bodies of water during migration, while the kestrel is less constrained by the distribution of land masses and can safely fly over large stretches of sea (Malmiga et al. 2014 , Agostini et al. 2015a 
Material and methods

Study areas
We selected two large Mediterranean islands, Crete and Sicily (Fig. 1 ). Both are located along raptor migratory flyways at approximately the same latitude (Panuccio 2011 , Lucia et al. 2011 , Agostini et al. 2015b ). To reach Crete, raptors face a sea-crossing of at least 100 km, taking the most direct route between the continental landmass and Crete. However, raptors can reach Crete moving by island hopping, through the island of Antikythira, with the longest non-stop flight over sea of about 35 km. On the other hand Sicily is much closer to the continent (less than 3 km). Crete is located in Southern Greece, between the Balkan Peninsula and Libya in North Africa, approximately 270 km to the nearest continental landmass. It covers an area of 8,336 km 2 , with a human density of 74.74 per km 2 . The highest mountains rise to 2,456 meters a.s.l.. During autumn migration substantial numbers of migrating raptors approach Crete from the Peloponnese Peninsula, passing across the small island of Antikhytira (Lucia et al. 2011) . A large part of this migratory flow moves toward Africa, but hundreds of raptors, including common buzzards, stop in Crete for the winter (Panuccio et al. 2013) . Sicily is located south of the Italian Peninsula, and is the largest island in the Mediterranean Basin, with an area of 25,832 km 2 . The shortest distance between Sicily and North Africa is about 150 km, at the Channel of Sicily between Tunisia and Western Sicily. Human density is about 195.6 per km 2 . The highest elevation is Mount Etna, a volcano peaking at 3,343 meters a.s.l.. Sicily is crossed by a significant migratory flow of raptors twice a year. In this case, most birds pass over towards Africa during autumn, with mostly long distance migrant raptor species observed at the Strait of Messina (Zalles and Bildstein 2000, Panuccio 2011 ). 
Data collection
Fieldwork. We performed car transects on both islands, 20 in Crete (January 2009), for an average length of 30.6 km and an overall effort of 611 km, and 39 in Sicily (January 2010), for an average length of 26.4 km each, that totaled 1030 km. We conducted road counts driving at low-speed (20-40 km/h), employing at least two observers and avoiding unfavorable weather conditions (rain, fog, strong wind). Counts were initiated two hours after sunrise and ended one hour before sunset (Bibby et al. 2000) . Moreover, since a previous study suggested that raptors are attracted by fringes along main roads (Meunier et al. 2000) , all transects were carried out on secondary roads. Whenever a raptor was sighted, the car was stopped long enough to allow species identifi cation and data collection. The relevant data recorded were: species, date/ time, perpendicular distance from the transect (m), side of the road and coordinates of observation along transects (GPS point). We used a Leica optical range fi nder (Rangemaster CRF 1600B, 7×24, error ±1m) that included a clinometer to measure the radial distance between the raptor and the observers, and its angle on the horizon. A compass was used to measure the angle between the transect axis and the observation point. We then used these three measurements to obtain the perpendicular distance between observers and fl ying raptors, considering therefore the ground projection of the observed bird perpendicular to the road. Coordinates were recorded using a Garmin Colorado 300 GPS.
Habitat variables. QuantumGIS software (QGIS Develop ment Team, 2014) was used to measure the percentage of habitat variables in a 1600 m wide strip along each transect, 800 m being the maximum distance recorded during the raptor counts. In particular, we used Corine Land Cover variables (Büttner and Kosztra 2007) , grouping them into six categories: artificial surfaces (human infrastructure e.g. houses and buildings), permanent crops (olive groves, vineyards), pasture/arable land, complex cultivation patterns (heterogeneous agricultural areas with juxtaposition of small parcels of diverse annual crops, pasture and/or permanent crops), forest and scrubland. Furthermore, the LecoS tool for QGIS (Jung, 2013) was used to calculate: mean patch size expressed in square meters; mean shape index, a measure of patch complexity, where 1 indicates all patches are circular with values increasing as the patches become more irregular; and the Shannon diversity index, to account for the diversity of cover types. Using a 75 m digital elevation model, we derived 5 orographic variables for each transect length: average altitude, slope, northness, ruggedness and amount of solar radiation during January. Northness was calculated as the cosine of aspect (Zar 1999) . Ruggedness was expressed as the variation in three-dimensional orientation of adjacent cells (Riley et al. 1999) . Solar radiation was expressed in Wh/m 2 and was defined as a product of daily and seasonal shift of sun angle, along with variation in elevation, orientation (slope and aspect), and shadows cast by topographic features.
Data analysis
Raptor community. For each transect we calculated a kilometric index of abundance (KIA) of each species, dividing the number of raptor records by the distance (km) covered and a kilometric raptor diversity index (KmH') by the formula kilometric raptor diversity index (KmH') by the formula where L is the transect length and p i is the proportion of raptors of the i-th species, obtained by dividing the number of the species sightings by the total number of raptor observations in the transect. Higher values of KmH' indicate a higher raptor diversity. For preliminarily comparison of the two islands, we tested for differences in habitat, species composition and relative species abundance between the two sets of samples of transects. We compared the habitat variables and landscape metrics measured in the strips around transects (KIA and KmH') by applying Mann-Whitney U tests.
Buzzard and kestrel density. Since records of buzzards and kestrels were prevalent (see Results), we estimated the densities of these species by line transect distance sampling (Buckland 2001 , Thomas et al. 2010 . We fi rst used the conventional distance sampling engine in the Distance software (CDS), pooling the observed distances to obtain a global estimate of the detection function and expected cluster size, and stratifi ed the encounter rate by the two study areas and by species to obtain density estimates of each species in each island. We then used the multiple covariate engine (MCDS) (Marques et al. 2007) , taking the species and study area as factor covariates. In both cases we performed our estimation starting from half-normal, hazard-rate and uniform key functions with Hermite and simple polynomial series adjustment, and then chose the best model according to the Akaike's Information Criterion (AIC) and χ 2 goodness-of-fi t statistics (GOFχ 2 ). To estimate expected cluster size we used both sizebiased regression method and, if the regression was not signifi cant, we averaged the size of detected clusters. Sampling variance was estimated empirically. The best model obtained was used to calculate kestrel and buzzard density for each island, and subsequently for each transect.
Habitat effect on raptors. To evaluate the effect of habitat parameters on the density of the two species and on the raptor community, we performed three linear models. For habitat variable selection we followed a 'two stages' stepwise approach. First, we examined for multicollinearity among predictors, based on the calculation of variance infl ation factor (VIF) (Zuur et al. 2010) . We obtained the VIF for each j-th explanatory variable by starting from the full dataset by using the formula:
where R j 2 is the R 2 of a linear regression of the j-th variable on the other covariates. We followed a stepwise procedure, calculating the VIF of each explanatory variable. At each step, we eliminated the variable with the highest VIF from the global model and we stopped when all the variables in the subset had a VIF ≤ 5 (Rogerson 2001) . Using the qualifying variables obtained, we selected the best subset in a stepwise approach based on the calculation of Akaike's Information Criterion value, corrected for small sample size (Burnham and Anderson 2002) . Our final results were validated by checking the normal distribution of residuals with a Shapiro-Wilk normality test and visual inspection of QQ-plot. Model fit was evaluated by visual inspection of residuals versus fitted values plot to verify homogeneity (Zuur et al. 2009 ).
Results
Raptor community
In the two study areas we collected 454 observations of buzzard, 335 of kestrel, 8 of peregrine falcon (Falco peregrinus), 9 of Eurasian sparrowhawk (Acciputer nisus), 15 of booted eagle (Hieraaetus pennatus), 10 of marsh harrier (Circus aeruginosus), 1 of lanner falcon (Falco biarmicus), 2 of hen harrier (Circus cyaneus), 8 of black kite (Milvus migrans), 4 of lesser kestrel (Falco naumanni), 108 of griffon vulture (Gyps fulvus), 6 of bearded vulture (Gypaetus barbatus), 5 of golden eagle (Aquila chrysaetos), 1 of Bonelli's eagle (Aquila fasciata), 1 of Northern goshawk (Accipiter gentilis) and 1 of greater spotted eagle (Clanga clanga). Overall, we detected significant differences in the relative abundance (KIA) and densities (distance sampling) of buzzards and kestrels, between the two islands. In particular, we found a higher abundance of kestrels in Sicily, whereas the other species were observed more frequently on Crete (Table  1) . From comparison between habitat variables in the two areas we found a significantly higher proportion of pasture and arable land in Sicily. In Crete there was a greater percentage of complex cultivation patterns and scrubland, but no differences in habitat diversity (Shannon index) emerged between sites. On average, patches were larger (MPS) and more complex in Crete, with a higher mean shape index (MSI), while the orography was characterized by a higher ruggedness and a lower slope (Table 2) .
Common buzzard and Eurasian kestrel density
Among all possible Distance models, the best one was a hazard rate key function, with no series-term correction and with species as covariate (Table 3 ). No differences in detectability were found between the two islands, but the separated curves for the two species showed that the detectability of kestrels decreased more rapidly than that of buzzards. For instance, at 200 meters from the observer the kestrel had a detection probability of 0.2 and the buzzard 0.5 (Fig. 2) . Density estimations show marked differences between the two study areas and the two species as well. Density estimations were of 0.75 kestrels per km 2 and 0.36 buzzards per km 2 in Sicily, with a percent coefficient of variation (CV) of 12.82% and 16.52% respectively. In Crete we estimated a density of 0.26 kestrels (CV = 14.86) and 0.91 buzzard per km 2 (CV = 9.32%).
Effect of habitat on raptors
The three linear models of the candidate predictor variables on the buzzard density, the kestrel density and raptor diversity, were characterized by normal residual distributions (Shapiro tests, respectively W = 0.974 and P = 0.235; W = 0.963 and P = 0.070; W = 0.972 and P = 0.201). In the buzzard model (Table 4) , an overall positive effect of kestrel density was found, although the negative interaction with the island indicates that the positive effect is significantly higher in Crete (Fig. 3a) . The KmH index was positively associated with buzzard density but no differences emerged between the two islands. In terms of habitat composition, percentage of artificial surfaces around transects, orchards, complex cultivation patterns and scrubland, showed an overall positive effect on buzzard density in Crete. In Sicily, the effect of these variables was basically null (Figs 3b-3e ). Model coefficients for percentage of forest around transects, showed a positive effect on buzzard density, higher in Crete (Fig. 3f) . In the kestrel model (Table 5) , the effect of island indicated a significantly higher density of kestrels in Sicily. As with the buzzard model, the density of the Eurasian kestrel was positively affected by the kilometric bird diversity and by the percentage of orchards, complex cultivation patterns, forest and scrubland. Unlike the buzzard model, however, no sig-nificant interaction between these predictors and the island were detected, indicating that those positive effects are likely to be equal in Sicily and Crete. Altitude and northness did not show a particular effect on the Eurasian kestrel density in Crete, whereas they showed, respectively, a negative and positive effect in Sicily (Figs 4a-4b ). In the model of raptor diversity on the two islands (Table 6) , density of common buzzard positively affected the response variable, whereas the kestrel did not have any effect in the model. Transects characterized by a lower habitat diversity, as shown by the negative coefficient of the Shannon diversity index, and a higher exposure to north, were associated with a higher raptor diversity. Although not confirmed by a satisfactory sta- Table 5 . Results of the linear models of Eurasian kestrel density vs. habitat variables in Sicily and Crete (β: standardized regression coefficient, LCI: lower 95% confidence interval, UCI: upper 95% confidence interval, '***': P < 0.001, '**': P < 0.01, '*': P < 0.05, '.': P < 0.1). Table 6 . Results of the linear models of kilometric bird diversity index vs. habitat variables in Sicily and Crete (β: standardized regression coefficient, LCI: lower 95% confidence interval, UCI: upper 95% confidence interval, '***': P < 0.001, '**': P < 0.01, '*': P < 0.05, '.': P < 0.1). tistical significance, the model seems to suggest a negative effect of artificial surfaces and orchards. Artificial surfaces in particular, were negatively associated with raptor diversity in Crete (Fig. 5 ).
Discussion
As shown by the Distance estimation densities, the values of the two species in the two studied islands are deeply different, with the common buzzard being most abundant in Crete and the Eurasian kestrel in Sicily. In particular, the buzzard density in Crete is more than double that of Sicily and more than three times that of the kestrel. In Sicily density of kestrel is double the density of buzzard and three times the density of kestrel in Crete. Species densities are different also for the griffon vulture, which is more widespread in Crete than in Sicily (BirdLife International 2004) . This species has only recently been reintroduced into Sicily, and its population is still relatively small and localized in the northeast mountains of the island (Spinnato et al. 2013 ). On the other hand, the Cretan population of griffon vultures numbers approximately 400 individuals (Xirouchakis and Tsiakiris 2009 ). Habitat composition is rather different between the two islands with Crete showing a more rugged topography than Sicily and with fewer large patches of arable land. However, spe-cific diversity indices show similar values in the two study areas, despite differences in community composition. This is mainly due to the low numbers of vultures and large eagles in Sicily, and a scarcity of harriers in Crete (Table 1) . As a general pattern, more complex raptor communities were found in flat open areas showing higher values of environment heterogeneity. This was expected since ecotonal fringes are more common in agricultural mosaic landscape than across large monocultures. Considering the variation of the kilometric bird diversity index, this was higher along northfacing slopes which are less eroded and with more vegetation in the Mediterranean landscape (Naveh 2007) . Moreover, raptor communities were negatively influenced by extension of artificial surfaces. This is likely because raptor density is known to decrease in areas with extensive human settlements (Aradis and Carpaneto 2001, Baltag et al. 2013) . Buzzards select more heterogeneous habitat and are less common in large homogeneous areas such as pastures and arable land (see also Wuczyński 2005) . Moreover, in Crete buzzards frequent olive groves, bush areas and residual woods (see also Tzortzakaki et al. 2012) . Similarly, the kestrels select areas with similar ecological features to the buzzards showing some overlap in habitat preferences. For both species, the raptor community diversity index has a positive effect on density, meaning that there is a link between community complexity and species- specific abundance. For other animal taxa, it has also been shown that species richness correlates with individual species densities (Evans et al. 2005, Srivastava and Lawton 1998) . In particular, the 'More Individuals Hypothesis' relates the high species richness of productive sites to their suitability in supporting large populations of each species, while its power function describes the relationship between species richness (S) and individual abundance (N; log S ∝ log N; Preston 1962, MacArthur and Wilson 1967) .
Interaction between the common buzzard and the Eurasian kestrel
The common buzzard and the Eurasian kestrel are the most common raptors in both study areas as well as in most of Southern Europe and the Mediterranean region during winter (Sarà 1996 , Sunyer and Viñuela 1996 , Boano and Toffoli 2002 . As stated before, our results showed that the density of the kestrel population was significantly lower in Crete while the opposite occurred for buzzard. Habitat heterogeneity had a positive effect on buzzard density in Crete but not in Sicily while it affected kestrel density on both islands. Considering both the large overlap in the distribution of the two species and the significant positive effect of the kestrel density to that of the buzzard in Crete, a higher inter-specific competition during winter in this island cannot be ruled out. It is known that, during the winter, buzzards feed largely on small mammals (Tóth 2014 , Dare 2015 , Francksen et al. 2016 . This is similar to kestrels, that show a marked preference for the same prey, indicating that both species have comparable diets over this period, and thus forage in open farmland areas (Rijnsdorp et al. 1981 , Village 1990 , Schindler et al. 2012 , Dare 2015 . In this scenario, the ecological barrier represented by the Mediterranean Sea could be of paramount importance in explaining the different densities of kestrels and buzzards on the two islands. Although the buzzard is reluctant to cross large bodies of water, along the central-eastern Mediterranean flyway, substantial numbers have been recorded passing over the island of Antikythira en-route to Crete (Lucia et al. 2010 , 2013 . The number of buzzards in Greece during winter "is greatly augmented by immigrants" from northern and central-eastern Europe (Handrinos and Akriotis 1997) , and in Crete too their number greatly increases between December and February (Tzortzakaki et al. 2012 ). However, once reaching this large island, buzzards are expected to stop migrating when faced with the longer water crossing (approximately 300 km) towards Libya where the species is rare and most records are related to vulpinus subspecies (Panuccio et al. 2013 , Isenmann et al. 2016 . The same behaviour has been observed among buzzards wintering in Sicily, since the migration of the species through the central Mediterranean is virtually non-existent. (Agostini et al. 2005 , Sammut et al. 2013 . In this respect, we cannot exclude that substantial numbers of kestrels move along the eastern Mediterranean flyways towards their wintering quarters in Africa in response to the higher inter specific competition with the buzzard in Crete, also due to the substantial number of immigrants. Observations made in colder regions of central-northern Europe might advocate this expulsion concept, since Kestrels are quite rare there during winter, while buzzards may reach densities as high as 4.2 individuals per km 2 (Schindler et al. 2012 , Jankowiak et al. 2015 . In addition, recent counts made at the Strait of Messina suggest that only a few dozen buzzards reach Sicily from the continent during autumn migration, with only 52 individuals observed in active migration between 15th August and 21st October 2018 (www.trektellen.org/site/totals/1594/2018, checked on 9th April 2019). This data may provide a further explanation of the higher density of kestrels on this island, however, we cannot exclude that climatic features of the two areas may influence the migratory behaviour of raptors.
In conclusion, the winter distribution of common buzzards would be more affected by its lower mobility than the Eurasian kestrels. The kestrels, having higher ability in using flapping powered flight, could reach wintering quarters in Africa leaving less favorable grounds in southern Europe, such as Crete, by undertaking the long sea crossing. Our study suggests that spatial heterogeneity of raptors in these two large Mediterranean islands is influenced by geography and further investigations are needed to develop the innovative insight to account for the motion capacity in animal distribution studies.
